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SIR, 

1A M glad to hear from you, that the Study of 
the Mathematics is Promoted and Encouraged 
among the Youth of your Univerfity. The 
great Influence, which thefe Sciences have on 
Philofophy, 'and all ufeful Learning, as well as the 
Concerns of the Public, may fufficiently recom- 
mend them to your Choice and Confideration : And 
the particular Advantages, which You of that Place 
enjoy, give Us juft Reafon to expedt from You a. 
fuitable Improvement in them, I have here fent 
you fome Ihort Refledtions upon the Ufefulnefs of 
Mathematical Learnings which may ferve as an Argu- 
ment to incite you to a clofer and more vigorous 
Purfuit of it. 

In all Ages and Countries, where Learning hath 
prevailed, the Mathematical Sciences have been 
looked upon as the moft confiderable Branch of it. 
The very Name m*'0hw implies no lefs ; by which 
they were called, either for their Excellency ; or 
becaufe* of all the Sciences, they were firft taught % 
or becaufe they were judged to comprehend Wpt* 
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7<tMflt5i7/xfltT«-. And, amongft thofe, that arc com- 
monly reckoned to be the Seven Liberal Arts, 
Four are Mathematical, to wit, Arithmetic, Mufic, 
Geometry, and Aflronomy. 

But, notwithftanding their Excellency and Re- 
putation, they have not been taught nor ftudy'd. 
io univerfally, as fome of the reft ; which I take 
to have proceu>d from the following Caufes : The 
Averfon of the greatefi Part of Mankind to ferious 
Attention , and cleft Arguing; Their 7/0/ comprehending 
fufficiently the Necrfrty, cr great Uffulncfs, cf thefe in 
other Parts of Learning -, An Opinion that this Study 
requires a particular Genius and Turn of Head, which 
fw are Jo happy as to be bcrn iscith \ And the Want 
of public Encouragement, and able Mafiers. For 
tliefe, and perhaps fome other Reafons, this Study 
hath been generally negle&ed, and regarded only 
by fome few Perfons, whofe happy Qenius and Cu- 
riofity have prompted them to it, or who have been 
forced upon it by its immediate Subferviency to 
ibme particular Art or Office. 

Therefore I think I cannot do better Service to 
Learning, Youth, and the Nation in general, than 
by (hewing, That the Mathematics, of all Parts of 
human Knowlege, for the Improvement of the Mind, 
for their Subferviency to other Arts, and their Ufeful- 
nefs to the Commonwealth, deferve moft to be encou~ 
raged. I know a Difcourfe of this Nature will be 
offenfive to fome, who, while they are ignorant of 
Mathematics, yet think themfelves Matters of all 
valuable Learning: But their Pifpleafure muft not 
deter me from delivering an ufeful Truth, 

The Advantages which accrue to the Mind by 
Mathematical Studies, confift chiefly in thefe Things : 
i ft, In accuftoming it to Attention. 2dly, In giving 
it a Habit of clofe and demonjirative Reafoning. 3dly, 
In freeing it from Prejudice^ Credulity, and Super- 
Jlition. 

Firft, 
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Firft, the Mathematics make the Mind 'atten- 
tive to the Objefts, which it confiders. This they 
do by entertaining it with a great Variety of Truths # 
which are delightful and evident, but not obvious. 
Truth is the fame thing to the Underftanding, as 
Mufic to the Ear, and Beauty to the Eye. The Pur- 
iuit of it does really as much gratify a natural Faculty 
implanted in us by our wife Creator, as the pleafing 
of our Senfes : Only in the former Cafe, as the Ob- 
jedl and Faculty are more fpiritual, the Delight is 
the more pure, free from the Regret, Turpitude* 
Laflitude, and Intemperance, that commonly attend 
fenfual Pleafures. The mod Part of other Sciences 
confifting only of probable Reafonings, the Mind 
has not where to fix \ and, wanting fufficient Prin- 
ciples to purfue its Searches upon, gives them over 
as impoffible. Again, as in Mathematical brvefliga- 
tions Truth may be found, fo it is not always obvious : 
This fpurs the Mind, and makes it diligent and at- 
tentive. In Geometria (fays §uin£liiian^ lib. I. cap. 
jo.) partem fatentur eJJ'e utilem teneris atatibus : agitari 
namque animos, at que acui ingenia^ fc? celeritatem per- 
cipiendi venire inde concedunt. And Plato (in Repub. 
lib. VII.) obferves, that the Youth, who are furnifhed 
with Mathematical Knowlcge, are prompt and quick 
at all other Sciences > ** Wk7* t£ m*8h/x*]a o|siV <p*iiw7tf#. 
Therefore he calls it **]* *a*tteuw o<f6r. And, indeed, 
Youth is generally fo much more delighted with 
Mathematical Studies, than with the unpleafant 
Tafks, that are fometimes impofed upon them, that 
I have known fome reclaimed by them from Idle- 
jiefs, and Negledt of Learning ; and acquire in time 
a Habit of Thinking, Diligence, and Attention ; 
Qualities, which we ought to ftudy by all means to 
beget in their defultory and roving Minds. 

The Second Advantage, which the Mind reaps 
from Mathematical Knowlege, is a Habit of clear \ 
^cmonfiratvue 7 and methodical Rcafoning. We arc 
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contrived by Nature to learn by Imitation more than 
by Precept : And, I believe, in that refpeft, Reafon- 
ing is much like other inferior Arts (as Dancing, 
Singing, &c.) acquired by Pra&ice. By accuftom- 
ing ourfelves to reafon ciofely about Quantity, we 
acquire a Habit of doing fo in other things. It is 
furpriling to fee, what fuperficial inconfequential 
Reafonings fatisfy the moft Part of Mankind. A 
Piece of W it, a Jeft, a Simile, or a Quotation of 
an Author, paffes for a mighty Argument: With 
fuch things as thefe are the moft Part of Authors 
fluffed ; and from thefe weighty Premifes they infer 
their Conclufions. This Weakriefs and Effeminacy. 
of Mankind in being perfuaded where they are de- 
lighted, have made them the Sport of Orators, 
Poets, and Men of Wit. Thofe lumina orationis 
are indeed very good Divcrfion for the Fancy, 
but are not the proper Bufinefs of the Underftand- 
ing ; and where a Man pretends to write on abftraft 
Subjects in a fcientifical Method, he ought not to 
debauch in them. Logical Precepts are more ufeful, 
nay, they are abfolutely neceffary, for a Rule of 
formal Arguing in public Deputations, and con- 
founding an obftinate and perverfe Adverfary, and 
cxpofing him to the Audience or Readers. But, 
in the Search of Truth, an Imitation of the Method 
of the Geometers will carry a Man farther than all 
the Dialeftical Rules. Their Analyfts is the proper 
Model we ought to form ourfelves upon, and imitate 
in the regular DifpoGtion, and gradual Progrefs, of 
our Inquiries ; and even he, who is ignorant of the 
Nature of Mathematical Anahfis, ufes a Method 
fomewhat analogous to it. The Gompojition of the 
Geometers, or their Method of demon!? rating Truths 
already found out, viz. fa Definitions of Words agreed 
upon* byfelf-evidentZ'ruws, and Proportions that have 
been already demonftrated f is practicable in other Sub- 
jects, tho' not to the fame Perfection, the natural 

~ Want 
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Want of Evidence in the things themfel ves not allow- 
ing it 5 but it is imitable to a confiderablc Degree. 
I dare appeal to fome Writings of our own Age and 
Nation, the Authors of which have been mathema- 
tically inclined. I (hall add no more on this Head 9 
but, that one, who is accuftomed to the methodical 
Syftems of Truths, which the Geometers have reared 
up in the feveral Branches of thofe Sciences, which 
they have cultivated, will hardly bear with the Con- 
fufion and Diforder of other Sciences, but endeavour, 
as far as he can, to reform them. 

Thirdly, Mathematical Knowlege adds a manly 
Vigour to the Mind, frees it from Prejudice, Credulity f 
and Superftitien. This it does two Ways : ift, By 
accuftoming us to examine, and not to take things 
upon Truft. 2dly, By giving us a clear and exten- 
five Knowlege of the Syftem of the World % 
which, as it creates in us the moft profound Re- 
verence of the almighty and wife Creator i fo it 
frees us from the mean and narrow Thoughts, which 
Ignorance and Superftition are apt to beget. How 
great an Enemy Mathematics are to Superftition, 
appears from this, That in thofe Countries, where 
Romifh Priefts exercife their barbarous Tyranny over 
the Minds of Men, AJlronomers, who are fuJly per- 
fuaded of the Motion of the Earth, dare not fpeak 
out : But the* the Inqwfition may extort a Recanta- 
tion, the Pope, and a general Council too, will not 
Jfind themfelves able to perfuade to the contrary 
Opinion. Perhaps, this may have given Gccafioa 
to a calumnious Suggeftion, as if Mathematics were 
an Enemy to Religion, which is a Scandal thrown 
both on the one and the other ; for Truth *an nevef 
be an Enemy to true Religion, which appears 
always to the beft Advantage, when k is moft exa- 
mined. 

■■ ■ Si propih ftes m 
Te cdpietmagis. — ■— — 

On 
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On the contrary, the Mathematics are Friends tc* 
Religion ; inafmuch as they charm the Pafiions, 
ireftrain the Impetuofity of Imagination, and purge 
(he Mind from Error and Prejudice. Vice is Error, 
Confufion, and falfe Reafoning ; and all Truth is 
more or Jefs oppofite to it. Befides, Mathematical 
Studies may ferve for a pleafant Entertainment for 
thofe Hours, which young Men are apt to throw 
away upon their Vices \ the Delightfulnefs of them 
being fuch* as to make Solitude not only eafy, but 
defirable. 

What I have faid may ferve to recommend Ma- 
thematics for acquiring a vigorous Conftitution of 
Mind ; for which Purpofe they are as ufeful* as 
Exercife is for procuring Health and Strength to 
the Body. I proceed now to fhew their vaft Extent 
and Ufefulnefs in other Parts of Knowlege, And 
here it might fuffice to tell you, that Mathematics is 
the Science of Quantity, or the Art of Reafoning 
about things that are capable of More and Lefs% and 
that the moft Part of the Objedts of our Knowlegd 
are fuch } as Matter, Space, Number, Time, Mo- 
tion, Gravity, &c. We have but imperfcdl Ideas of 
Things without Quantity, and as imperfedl a one of 
Quantity itfelf without the Help of Mathematics. 
All the yifible Works of God Almighty are made 
in Number, Weight, and Meafure : Therefore, td 
confider them, we ought to underftand Arithmetic^ 
Geometry, and Statics: And the greater Advances 
we make in thofe Arts, the more capable we are 
of confidering fuch things, as are the ordinary Ob- 
jects of our Conceptions. But this will farther ap- 
pear from Particulars. 

Aad, firft, if we confider, to what Perfe&ion 
we now know the Courfes, Periods, Order, Diftances, 
and Proportions of the feveral great Bodies of the 
Univerfe, at leaft, fuch as fall within our View ; 
Wc ihall have Caufe to admire the Sagacity and In- 
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dttftry of the Mathematicians ; and the Power of 
Numbers and Geometry well applied. ,Lct us caft our 
Eyes backward, and confider Afironomy in its In- 
fancy : Or rather let us fuppofe it ftill to begin : For 
Inftance ; a Colony of rude Country People, tranf- 
planted into an Ifland remote from the Commerce 
of all Mankind, without fo much as the Knowlege. 
of the Kalendar, and the Periods of the Seafons, 
without Jnftruments to make Obfervations, or any 
the leaft Notion of Obfervations or Inftruments. 
When is it we could expedt any of their Pofterjty 
fhould arrive at the Art bf predicting an Ecjipfe? 
Not only fo, but the Art of reckoning all 
Eclipfes that are.paft or to come, for any Number 
of Years I When is it we could fuppofe, that one 
of thofe Illanders, tranfported to any other Place of 
the Earth* fhould be able, by the Infpe&ion of the 
Heavens, to find how much he were South or North, 
Eaft or Weft of his own Ifland, and to condudb 
his Ship back thither ? For my Part, tho' I know 
this may be and is daily done, by What is known in 
Afironomy j yet when I confider the vaft Iiiduftry, 
Sagacity, Multitude of Obfervations, and other ex- 
trinfic Things neceffary for fuch a fublinje Piece of 
Knowlege, I fhould be apt to pronounce it impof- 
•fible, and never to be hoped for. Now we are let 
fo much into the Knowlege of the Machine of the 
Univerfe> and Motion of its Parts, by the Rules of 
this Science, perhaps the Invention may feem eafy. 

♦But when we refleft, what Penetration and Contri- 
vance were neceffary to lay the Foundations of fo 
great and extenfive an Art, we cannot but admire 
its firft Inventors : As Tbales Mileftu$> who, as Dio- 
genes Laertius and Pliny fay, firft predidted Eclipfes ; 

- and :his Scholar Anaximander Milefius % who found 
out the globous Figure of the Earth, the Equi- 

, no&ial Points, the Obliquity of the Ecliptic, the 

* Principles of Gnomonics, and made the firft Sphere 
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or Image of the Heavens ; and Pythagoras^ to whom 
we owe the Difcovery of the true Syftem of the 
World, and Order of the Planets : Though, it 
may be, they were affifted by the Egyptians and 
Chaldeans. But whoever they were, that firft made 
rhefe bold Steps in this noble Art, they deferve the 
Praife and Admiration of all future Ages. 

' Felices animos, quibus bac c/fgnofcere pr\mis % 

Inque domes fuperas fcandere cur a fuit ! 
Credilile eft illos pariUr vitnfque jocifque 

Altius humanis exferuijfe caput. 
Non Venus £s? vinum fublimia pe flora /regit $ 

Officiumve fori, milUiceve labor. 
Nee levis ambitio 9 perfufaque gloria foco 9 

Magnarumve fames follicitavit opum. 
jfdmovere oculis diftantia fidera noftris i 

Mtheraque ingenio fuppofuere fuo. 

Ovid, in V Faft. 

» 

But tho' the Induftry of former Ages had difco- 
ver'd the Periods of the gteat Bodies of the Uni- 
verfe* and the true Syftemand Order of them, and 
their Orbits, pretty near; yet was there one thing 
Hill referved for the Glory of this Age, and the 
•Honour of the Englifh Nation, the, grand Secret of 
the whole Machine ; which, now it is difcovered, 
proves to be (like the other Contrivances of Infinifie 
vVifdom) fimple and natural, depending upon the 
moft known and moft common Property of Matter, 
viz. Gravity. From this the incomparable Mr. 
Newton has demonftrated the Theories of all the 
Bodies of the Solar Syftem, of all the primary Pla- 
nets, and their Secondaries, and, among others, the 
Moon, which feem'd moft averfe to Numbers : And 
not only of the Planets, the floweft of which cora- 
- pletes its Period in Ids than half the Age of a Man, 
but likewise of the Comets, fome of which, it is 
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probable, fpend more than 2000 Years m one Revo- 
lution about the Sun 5 for whofe Theory he ha* 
laid fuch a Foundation, that after Ages, affiftec} 
with more Obfervations, may be able to gaJculace 
their Returns. Iq a Word, the Proceflion of the 
Equino&ial Points, the Tides, the unequal Vibr* 
t ion of pendulous Bodies in different Latitudes, &c. 
are no more a Queftion to thofe, that have Geotnetry 
enough to underftand what he has delivered on 
thofe Sub>efts : A Perfe&ion in Philofophy, that 
the boldeft Thinker durft hardly have hoped for*, 
and, unlefs Mankind turn barbarous, will continue 
the Reputation of this Nation* as long as the Fa* 
brie of Nature (hall endure. After this, what is 
it we may not expeft from Geometry joined to Ob* 
fervatiom and Experiments ? 

The next confiderable Object of Natural Know- 
lege, I take to be Light. How unfuccefsful In- 
quiries are about this glorious Body without the 
Help of Geometry may appear from the empty and 
frivolous Difcourfes and Difputations of a Sort of 
Men, that call themfelves Pbilofopbers \ whom no- 
thing will fertfe, forfooth, hut the Knowlege of the 
very Nature, and intimate Caufes, of every thing r 
While, on the other hand, the Geometers^ not trou T 
bling themfelves with thofe fruitlefs Inquiries about 
the Nature of Ugbt, have difcovercd Two remark- 
able Properties of it, in the Reflexion and Refra&ion 
of its Beams : Aod from thofe, and their Streight- 
nefsjn other Cafes, have invented the noble Arts 
of Optics, Catoptrics, and Dioptrics ; teaching us to 
manage this fubtile Body for the Improvement 
of our Knowlege, and ufeful Purpofes of Life, 
They have likewife demonftrated the Caufes of 
feveral qcleftial Appearances, that arife from the 
Inflexion of its Beams, both ia the heavenly Bo- 
dies themfelves, and other Phenomena, as Parhelia, 
the Irti) &c. and by a late Experiment they have 
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aifcovered the Celerity of its Motion. And we 
fliall know yet more furprizing Properties of light \ 
when Mr. Newton fhall be pleafed to gratify the 
World with his Book of Light and Colours. 

The Fluids which involve our Earth, viz. Air and 
fVater, are the next great and confpicuous Bodies, 
that Nature prefents to our View : And, I think, 
we know little of either, but what is owing to Me~ 
chanics and Geometry. The Two chiefeft Properties 
of Air i its Gravity, and elaftic Force, have been di£ 
covered by Mechanical Experiments. From thence 
the Decreafe of the Air's Denfity, according to the 
Increafe of the Diftance of the Earth, has been de- 
monftrated by Geometers, and confirmed by Experi- 
ments of the Subfidence of the Mercury in the Tor- 
ricellian Experiment. From this likewife, by Aflift- 
ance of Geometry , they have determined the Height; 
of the Atmofphere, as far as it has any fenfible Den- 
fity •, which agrees exaftly with another Obfervation 
of the Duration of the Twilight. Air and Water 
make up the Objeft of the Hydrojlatics, tho* deno- 
minated only from the latter, of which the Prin- 
ciples were long fince fettled and demonftrated 
by Archimedes, in his Book «p2 rSv 'Oxvpiiw, 
where are demonftrated the Caufes of feveral fur- 
- prifing Phenomena of Nature, depending only 
on the ^Equilibrium of Fluids , the relative Gravities 
of thefe Fluids, and of Solids fwimmingor finking 
therein. Here alfo the Mathematicians confider 
the different PrefTures, Refiftances, and Celerities 
of Solids moved in Fluids : From whence they ex- 
plain a great many Appearances of Nature, unin- 
telligible to thofe who are ignorant of Geometry. 

Next, if wedefcend to the Animal Kingdom, there 
we may fee the brighteft Strokes of Divine Me- 
chanics. And whether we confider firft the Animal 
Oiconomy in genera), either in the internal Motion 
and Circulation of the Juices forced through the 
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fcveral Canals by the Motion of the Heart, or their, 
external Motions, and the Inftruments wherewith' 
tliefe are performed, we muft reduce them to Me-» 
chanical Rules, and confefs the Neceffity of the 
Knowlege of Mechanics to undcrftand them, or 
explain them to others. Borelli in his excellent 
Treatife de Motu jfnimalium, Stepo in his admirable 
Myologies Specimen^ and other Mathematical Men, on 
the one hand, and the nonfenflcal, unintelligible 
Stuff that the common Writers on thefe Subje&s 
have filled their Books with, on the other, are ltiffi- 
cient Inftances to fhew, how neceflary Geometry is 
in fuch Speculations. The only Organ of an Ani- 
mal Body, whofe Structure and Manner of Opera- 
tion is fully underftood, has been the only one* 
which the Geometers have taken to their Share to 
confider. It is incredible, how fillily the greateft 
and ableft Phyficians talked of the Parts of the Eye 
and their Ufe, and of the Modus Vi/tonis, before 
Kepler by h,is Geometry found it out, and put it 
paft Difpute, tho' they applied themfelves parti- 
cularly to this, and valued themfelves on it : And 
Galen pretended a particular Divine Commiffion to 
treat of it. Nay, notwithftanding the full Difcovery 
of it, fome go on in copying their PredecefTors, 
and talk as Ungeometrically as ever. It is true, we 
cannot reafon fo clearly of the internal Motions of 
an Animal Body, * as of the external, wanting fuffi- 
cient Data, and decifive Experiments: But what 
relates so the latter fas the Articulation, Stru&ure, 
Infertion, and Vires of the Mufcles) is as fubjeft 
to drift Mathematical Difquifition, as any thing 
whatfoever ; and even in the Theory of Difeafe*, 
and their Cures, thofe, who talk Mechanically talk 
mod intelligibly; Which may be the Reafon for 
the Opinion of the antient Phyficians, that Mathe- 
matics are neceflary for theStudy of the Medicine 
itfclf, for which I could bring long Quotations out 
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of their Works. Among the Letters that are afcrib'd 
to Hippocrates, there is one to his Son Tbejfaius^ ret 
commending to him the Study of Arithmetic and 
Geometry >, as neceffary to Medicine. Galen in his 
Book, intituled, oniartx \ati}< xaI *iKotip& 9 begins, 

*Oi'or rt <wivof$&(rtr ol toAAo* rSp cifltorrvr, itAv (**¥*%< ftir 
'OtofiTsvliuu yiPi&p /u*<Nr H 4rp«frr7«*, «* rir* Tv^tTr, 
Ivslnfdj'wlu, TMTor n to} rait voAAoj* *w i«7p»^ avy£.%C+* 
mv iinu?*<Ti piv yif *\ir*t%&,rw% *J Tp#w &irJit\w iySflar 
>md£ <N auric wofjuHW c*e/r$> tatJcc ftaAAor 5 m» v^jtrlw 
ii pit >*p £ (ux,&v poi&p elf \4eutir pies <rvfiCdwt^ rib 
dr&9opl*v> xxti <^»Aof or/, T»r r turns iy*ti%vnp £ iviyKH 

ax\a Kai riii fxHtxfft fj&tjupovleu. If one of the Reafons 
of the Antients for this be now fomewhat un~ 
fashionable, to wit* becaufe they thought a Phyfi- 
cian ihould be able to know the Situation and 
Afpefts of the Stars, which they believed had Influ- 
ence upon Men and their Difeafes, (and pofitively 
to deny it, and fay, that they have none at all, is the 
Effeft of Want of Obfervation) we have a much 
better and undoubted one in its room •, viz. That 
Mathematics are found to be the belt Inftrument of 
promoting Natural Knowlege. 2dly, If we con- 
fider, not only the Animal Oeconomy in general, 
buthkewife the wonderful Structure of the differ- 
ent Sorts of Animals, according to the different 
Purpofes for which they were defign'd, the various 
Elements they inhabit, the feveral Ways of pro- 
curing their Nourifliment, and propagating their 
Kind, the different Enemies they have, and Acci- 
dents they are fubjeft to, here is itill a greater Need 
of Geometry. It is pity, that the Qualities of an 
expert /inatomift, and fkilful Geometer ', have feldom 
met in the fame Perfon. When fuch a one (ball 
appear, there is a whole Terra incognita of delight-* 
ful Knowlege to employ his Time, and reward hi* 
Induftry. 
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Asfor the other two Kingdoms \ Borelli, and other 
Mathematical Men, feem co have talked very clearly 
of Vegetation : And Steno, another Mathematician, 
in his excellent Treatife de So lido intra Solidum natu- 
raliter contento*, has apply'd this Part of Learning 
very handfomcly to Foffils, and fome other Parts of 
Natural Hiftory. I fhall add only one thing more, 
That if we con fider Motion itfelf, the great Inftru- 
ment of the A&ions of Bodies upon one another, 
the Theory of it is intirely owing to the Geometers* 
who have demonftrated its Laws both in hard and 
claftic Bodies ; (hewed how to meafure its Quan- 
tity, how to compound and refolve the fever al 
Forces, by which Bodies are agitated, and to deter- 
mine the Lines, which thofe compound Forces make 
diem defcribe : Of fuch Forces Gravity, being the 
moft conftant and uniform, affords a great Variety 
of ufeful Knowlege, in confidering feveral Mo- 
tions that happen upon the Earth ; viz. As to the 
free Defcent of heavy Bodies ; The Curve of Pro- 
jectiles 5 The Defcent and Weight of heavy Bodies, 
when they lie on inclined Planes ; The Theory of 
the Motion of pendulous Bodies, fcfc. 

From what I have faid, I fhall draw but one Co* 
rollary, That a Natural Philofopher without Mathe- 
matics is a very odd Sort of a Perfon, that reafons 
about things that have Bulk, Figure* Motion, Nunir 
her, Weight, &c. without Arithmetic, Geometry, M& 
cbanics, Statics, &c. I muft needs fay, I have the 
Jaft Contempt for thofe Gentlemen, that pretend to 
explain how the Earth was framed, and yet can 
hardly meafure an Acre of Ground upon the Sur- 
face of it: And as the Philofopher fpeaks, Qui re- 
fente pedibus illotis ad Pbilofopbos diver tunt, wm hoc eft 
Jatis, quod fint omnino, «$i*pnroi f £p«<j<>t> uLytmyfayfiw 
fed legem etiam dant, qua Philpjopbari difcant. 

The Ufefulnefe of Mathematics in feveral other 

Arts and Sciences. i$ fully a$ plain. They were looked 
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fipon by the antierit Philofophers as to the Key to 
sill Knowlege. Therefore Plato wrote upon his 
School, Ou«Ps/V dysapiTprrof tie'ira, Jjet none unjkilled 
in Geometry enter ; and Xenocrates told one ignorant 
in Mathematics, who defired to be his Scholar, that 
he was fitter to card Wool, *&£& yd? »* V/j* * /A<H 
rapier, Toy want the Handle of Pbilofophy, viz. Geo- 
metry. There is no underftanding the Works of 
the antient Philofophers without it. Theo. Smyrnaus 
has wrote a Book, intituled, An Explanation of 
thofe things in Mathematics, that are neceffary for 
the Reading of Plato: Ariftotle illuftrates his Pre- 
cepts, and other Thoughts, by Mathematical Exam- 
ples ; and that not only in Logic, &c. but even in 
Ethics, where he makes ufe of Geometrical and 
Arithmetical Proportion, to explain commutative 
and diftributive Juftice,- 

• Every body knows* that Chronology and Geogra- 
phy are indifpenfable Preparations for Hiftory; a 
Relation of Matter of Faft being a very lifdlefs in- 
. lipid thing, without the Circumftances of Time and 
-Place. Nor is it fufficient for one, that would 
underftand things thoroughly, that he knows the 
"Topography, that is, the Name of the Country, 
wheCe fuch a Place lies, with thofe of the near 
adjacent Places, and how thefe lie in refpedt pf 
'one another ; but it will become him likewife to 
Underftand the fcientifical Principles of the Art : 
that is, to have a true Idea of a Place, we ought 
to know the Relation it has to any other Place, as 
'to the Diftance and Bearing, its Climate, Heat, 
Cold, Length of Days, &c. which things do much 
" enliven the Reader's Notion of the very Aftion it* 
felf. Juft fo, it is neceffary to know the technical 
' or dodtrinal Part of Chronology, if a Man would 
be thoroughly (killed in Hiftory, it being impof- 
' fible, without it, to unravel the Confufion of Hif- 
iorians. I remember Mr. Halley has determined 
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the Day and Hour of Julius Cafar's Landing in 
Britain* from the Circumftances of his Relation. 
And every body knows, how great Ufe our incom- 
parable Hiftorian Mr. Dodwell has made of the 
calculated Times of Eclipfes, for fettling the Times 
of great Events, which before were, as to this eflen- 
tial Circumftancej almoft fabulous. Both Chronology 
and Geography* and alfo the Knowlege of the Sun's 
and Moon's Motions* fo far as (hey relate to the 
Conftitution of the Calendar and Year, are neceflary 
to a Divine ; and how fadly fome otherwife Eminent 
have blundered f when they meddled with things 
that relate to thefe, and border on them, is too 
apparent. 

Nobody, I think, will queftion the Intereft, 
that. Mathematics have in Paintings Mufic, and 
Architecture^ which are all founded on Numbers* 
Perfpedive, and the Rules of Light and Shadows* 
are owing to Geometry and Optics: And, I think, 
thofe Two comprehend pretty near the whole Art 
of Painting* except Decorum and Ordinance ; which 
are only a due Obfervance of the Hiftory and Cir- 
curnftances of the Subject you reprefent : For, by 
PeHpediive, may be undefftood the Art of de- 
figning the Outlines of your Solid* whether that 
be a Building* Landskip* or Animal : And the 
Draught of a Man is really as much the Perfpedtive 
of a Man, as the Draught of a Building is of a 
Building ; tho\ for particular Reafons* as becaufe it 
confifts of more crooked Lines, &V. if is hard to. 
reduce the Perfpe&ive of the former, to the ordinary 
eftabliftied Rules* 

If Mathematics had not reduced Mufic to a regu- 
lar Syftem, by contriving its Scales, it had been no 
Arr, but enthufiaftic Rapture, left to the roving 
Fancy of every Praditioner. This appears by the 
extraordinary Pains, which the A ntirnts have taken 
to fit NiM&bcrs to Three Sorts of Mufic, the Diato* 
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r.k, Chromatic, and Enharmonic : Which if we con- 
iiticr with their Nicety inditiinguifhing their feveral 
Modes, we (hall be apt to judge, they hadfomethiog 
Very fine in their Mufic, at leaft, for moving the 
Pailions with fingle Inftruments and Voices. But 
Mufic had been imperfeft (till, had not Arithmetic 
flapped in once more, and Guido Aretinus, by in- 
venting the Temperament, making the Fifth Falfe 
by a certain determined Quantity, taught us to tune 
our Organs, and intermix all the Three Kinds of 
the Antients to which we owe all the regular and 
noble Harmony of our modern Mufic. 
1 As for Civil Architecture (of Military I fhall fpeak 
afterwards) there is hardly any Part of Mathematics^ 
butis force way fubferyient to it. Geometry and Arith- 
metic, for the due Meafure of the feveral Parts of a 
Building, the Plans, Models, Computation of Ma- 
terials, Time, and Charges ; for ordering right its 
Arches and Vaults, that they may be both firm and 
beautiful : Mechanics, for its Strength and Firmnefs 
ti'anfporting and raifing Materials : And Optics, for 
die Symmetry and Beauty.' And I would not have 
any affaire the Character of an Architect without a 
Comptt:nt Skill in all of thefe. You fee that Vitru- 
vius requires thefe, and many more, for making a 
complete Architect. I muft own, that fhould any 
one fct up to pradtife in any of the fore-mentioned 
Arts, furnilhed only with his Mathematical Rules, 
he would produce but very clumfy Pieces. He, 
that fhould pretend to draw by the Geometrical 
Rules of i^erfpe&ive, or compofe Mufic merely by 
his Skill in harmonica! Numbers, would fhew buc 
kukward Performances. In thofe compos'd Sub- 
jects, befides the ftiff Rules, there muft be Fancy, 
Genius, and Habit. Yet, neverthelefs, thefe Arts 
o've their Being to Mathematics^ as laying the Foun- 
dation of tluir Theory, and affording them Pre- 
texts, which, being-once invented, are lccurelyjely'd 
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upon by Practitioners. Thus many defign, that 
inaw not a Tittle of the Reafon of the Rules they 
praCtife by, and many, no better qualify d in their 
way, compofe Mufic % better, perhaps, than he could 
have done, that invented the Scale, and the Numbers 
upon which their Harmony is founded. As Mathe- 
matics laid the Foundation of thefe Arts, fo ihey 
mu ft improve them: And h^, that would invent, 
muft be (kiil'd in Numbers : Befide^ it is fit a Man 
ihoutd know the true Grounds and Reafons of what 
he ftudies : And he that does fo, will certainly prac- 
tifc in his Art with greater Judgment and Variety, 
•where the ordinary RuleSfail him. 

J proceed now to fhew the more immediate Ufe- 
fulntfs of Mathematics in Civil Affairs. To begin 
.with Arithmetic, it were an endltfs Task to re'ate 
its feveralUfes in public and private Bjfmefs. Tl c 
Regulation and quick Difpatch of both feem intirely 
owing to it. The Nations, that want it, are altoge- 
ther barbarous, as fome Americans, who can hardly 
reckon above Twenty- And, I believe, it would go 
near to ruin the 7 rade of the Nation, were the eafy 
Practice of Arithmetic aboliflied : For Example,' 
wtre the Merchants and Tradefmen obliged r> make 
ufe of no other than the Roman way of Notation 
by Letters, inftead of our prefent. And if we 
fhould feel the Want of our Arithmetic in the eafieft 
Calculations, how much more in thofe, that are 
fumething harder ? as Intereft fimple and compound, 
Annuities, &V. in which, it is incredible, how 
much the ordinary Rules and Tables influence the 
Dilpatch of Bufintfs. Arithmetic is not cniy the 
great Inftrument of private Commerce, but by k 
are (or ought to be) kept the public Accounts of a 
Nation : 1 mean thofe, that regard the whole State 
of a Commonwealth, as to the Number, Fructifi- 
cation of its People, Increafe of Stock, Improve- 
ment of Lands and Manufactures,, Balance of 
.j- ■ C 2 Trade, 
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Trade, Public Revenues, Coinage, Military Power 
by Sea and Land, &fa Thofe that would judge or 
reafon truly about the State of any Nation, muft 
go that way to work, fubjedting all the fore-men- 
tioned Particulars to Calculation. This is the true 
Political Knowlege. In this refpeft the Affairs of 
a Commonwealth differ from thofe of a private 
Family, only in the Greatnefs and Multitude of 
Particulars, that make up the Accounts. Machiavel 
goes this way to work in his Account of different 
Eftates. What Sir William Petty, andfeveral others 
of our Countrymen, have wrote in Political Arith* 
tnetic^ does abundantly fliew the Pleafure and Ufe- 
fulnefs of fuch Speculations. It is true, for want 
of good Information, their Calculations fometimes 
proceed upon erroneous Suppofitions: But that is not 
the Fault of the Art. But what is it the Govern- 
ment could not perform in this way, who have the 
Command of all public Records ? 

Laftly, Numbers are applicable even to fuch 
things, as feem to be governed by no Rule, I mean 
fuch as depend on Chance •, the Quantity of Pro* 
bability and Proportion of it in any Two propofed 
Cafes being fubjeft to Calculation as much as any 
thing elfe. Uponthisdepend the Principles of Game. 
"We find Sharpers know enough" of this, to cheat 
fome Men that would take it very ill to be thought 
Bubbles : And one Gamefter exceeds another, as 
he has a greaterSagacity and Readinefs in calculating 
his Probability to win or lofe in any propofed Cafe. 
To underftand the Theory of Chance thoroughly, 
requires a great Knowledge of Numbers, and a pretty 
competent one of Algebra. 

The feveral Ufes of Geometry are not much fewer 
than thofe of Arithmetic. It is neceffary for afcer- 
taining of Property both in Planes and Solids, or 
in Surveying and Gauging. By it, Land is fold by 
the Meaiurc^as well as Cloth : Workmen are paid 

the 
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the due Priceof their Labour, according jtofuper- 
ficial or folid Meafure of their Work : And the 
Quantity of Liquors determined for a due Regu- 
lation or their Price and Duty. All which do won* 
derfully conduce to the eafy Difpatch of Bufinefs, 
and the preventing of Frauds and Controversies. 
I need not mention the meafuring Diftances, layini 
down of Plans and Maps of Countries, in whic] 
we have daily Experience of its Ufcfulnefs. Thefe 
are fome familiar Inftances of things, to which Geo- 
metry is ordinarily applied : Of its Ufe in Civil* Mi- 
litary and Naval Architecture^ we fhall fpeak after-* 
wards. 

From AJlronomy we have the regular Difpufition 
of our Time, in a due Succeflion of Years, which 
are kept within their Limits as to the Return of the 
Seafons, and the Motion of the Sun, This is no 
fmall Advantage for the due Repetition of the fame 
Work, Labour, and A&ions. For many of our 
•Public, Private, Military, and Country Affairs, Ap- 
pointments, GV. depending on the f rod u As of the 
Ground, and they on the Seafons ; it is neceffary, 
that the Returns of them be adjufted pretty near to 
the Motion of the Sun : And we fliould quickly 
find the Inconveniency of a vague undetermined 
Year, if we ufed that of the Mabumetatis, whole 
Beginning,, and every Month, wanders through all 
the Days of ours or the Solar Year, which fhewp 
the Seafons. • Befide, the adjufting of the Moon*£ 
Motion to the Sun's is required for the decent Ob- 
fervation ' and Celebration of the Cburcb-Feajls and 
Fafts, according to the antlent Cuftom, and primitive 
fciftitution ; and, likewife, for the knowing of the 
Ebbing and Flowing of the Tides, the Spring, and 
Neap Tides, Currents, fcfa So that whatever forra 
People may think of an Almanac where all thete 
are fet down, it is oftentimes the .moft ufeful Pap*i\ 
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Nation could better fpare all the voluminous Au- 
thors in the Term-Catalogue, than that fingfc Sheet." 
Befides, without a regular Chronology, there can 
be no certain Hiftory ; which appears by the Con- 
fufion amongft Hiftorians before the right Difpofi- 
tion of the Year, arid, atprefent, among theTurks, 
who have the fame Confufion in their Hiftory as in 
their Kalendar. Therefore, a Matter of fuch Im- 
portance might well deferve the Care of the Great 
Emperor, to whom we owe our prefent Kalendar ; 
who was himfelf a great Proficient in Aftronomy. 
Pliny has quoted feveral things from his Books of 
the Rifing and Setting of the Stars, Ub. XVIII. cap. 
%5% 26, &?<:. and Lucan makes him fay f 

Media inter pralia Jemper 
Slellarum, calique plagis, fuperijque vacavu 

The Mechanics have produced fo many ufeful 
Engines, fubfervientto Convcniency, that it would 
be a Tafk too great to relate the feveral Sorts of 
them : Some of them keep Lite itfelf from being 
a Burden. If we confider fuch, as are invented 
for railing Weights, and are employed in Building, 
and other great Works, in which no Impediment 
is too great for them ; or Hydraulic Engines for 
raifing of Water, ferving for great Ufe and Com- 
fort to Mankind, where they have no other way to 
be fupply'd readily with that neceflary Element ; or 
iiich as, by making Wind and Water work for 
us, fave animal Force, and great Charges, and per- 
form thofe Aftions, which require a vaftMultrude 
of Hands, $nd without which every Man's Time 
would be too little to prepare his own Aliment, and 
oth^r Neceflaries*, or thofe Machines, that have 
been invented by Mankind for Delight and Curio- 
fity, imitating the Motions of Animals, or other 
Works of Nature ', we fhall have Reafon to admire 
and extol fo excellent an Art. What fhall we fay 
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of , the fevcral Inftruments, which are contrived jo 
meafure Time? We ftiould quickly find the Value 
of them, if we were reduced to the Condition of 
thofe barbarous Nations that want them. The Pen* 
dulum Clock , invented and completed by that famous 
Mathematician Monfieur Huygens, is an ufeful Inven- 
tipn. Is there any thing more wonderful, than fede- 
ral Planetary Machines y which have been invented 
to fliew the Motions of the heavenly Bodies, and 
their Places at any time?* Of which the molt inge- 
nious, according to the exa&eit Numbers, and true 
Syftcm, was made by the fame M. Huygens : To 
which we may very juftly apply Claudian's noble 
Verfes upon that of Archimedes : 

Jupiter in parvo cum cerneret athera vitro^ 

Riftt, &} ad fuperos talia difla dedit : 
Huccine mdrtalis progrejfa potentia cur a ? 

Jam mem in fragili luditur orbe labor. 
Jura poll ', rerumque fidem, legefque Be or urn 

Ecce Syracujius tranjlulit arte fenesc. 
Inclufus variis famulatur fpiritus aftris, 

Et vivum certis motibus urget opus. 
Percurrit proprium mentitus Signifer annum, 

Et fimulata novo Cynthia menfe re&t. 
Jamqy fuum volvens audax indufiria mundum 

Qaudet) 6? humand fidera mente regit. 
Quid falfo infontem tonitru Salmonea miror ? 

Mmula natura parva reperta manus. 

Here I ought to mention the Sciatherical Inftru- 
ipents, for want of which there was a time, when 
th£ Grecians themfelves were forced to meafure the 
Shadow, in order to know the Hour ; and, as Pliny 
{cap. ult. lib. VII.) tells us, the Romans made uie 
of an erroneous Sun-dial for Ninety-nine Years ? 
till ^ Marcius Pbilippus, thtir Cenfor, fet up a bet- 
ter ; which, no doubt, at (hat time, was thought a 
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Jewd. And, at laft* that famous Pyramid was' 
fee up in the Campus Martins, to ferve for a Gno- 
mon to a Dial marked on the Street. To this Sort 
of Engines ought to be referred Spheres* Globes* 
jtjtrolabes, Projections of the Sphere, &c. Thefe are 
fuch ufeful and neceHary things, that alone may 
recommend the Art, by which they are made* 
FVwy by thefe, we are able in our Clofet to judge 
of the celeftial Motions, and to vifit the moft di- 
fiant Places of the Earth, without the Fatigue and 
Danger of Voyages ; to determine concerning thei* 
Diftance, Situation, Climate, Nature of the Sea* 
fons, Length of their Days, and their Relation to 
the celeftial Bodies, as much as if we were Inha* 
bitants. To all thefe I might add thofe Inftru- 
ments, which the Mathematicians have invented to 
execute their own Precepts, for making Obferua* 
tions either by Sea or Land, Surveying y Gaugtng, &c 
The Catoptrics and Dioptrics furnilh us with Va- 
riety of ufeful Inventions, both for the promoting 
of Knowlege, and the Conveniencies of Life i 
whereby Sight, the great Inflrument of ourPercep* 
tion, is fo much improved, that neither the Diftance 
nor the Minutenefs of the Objeft are any more Impe- 
diments to it. The Tele/cope is of fo vaft Ufe, that* 
befides the delightful and -ufeful* Purpofes it is ap* 
ply'd to here below, as the defcrying Ships* and 
Men, and Armies, at a Diftance, we have* by 
its means, cifcovercd new Parts of the Creation* 
frefh Inftances of the furprifing Wifdom of the 
adorable Creator. We have, by it, difcovcred the 
Satellites of Jupiter, the Satellites and Ring of Saturn* 
the Rotation of the Planets about their own Axes } 
befides other Appearances, whereby the Syftem of 
the World is made plain to Senfe, as was before to 
Reajbn. TheTelefcope has alfo improved the Man- 
ner of Jjlronomical Obfervations, afid made them 
rpuch more accurate* than it was poffible for them 
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to be before. And thefe Improvements in Afironotny % 
have brought along with them (as ever) cor re- ^ 
fpondent Improvements in Geography. From the 
Obfervation of Jupiter's Satellites,, we have £ ready. 
Way to determine the Longitude of Places on the 
Earth, On the other hand, the Microfcope has not, 
been lefs ufeful in helping us to the Sight of fuch-. 
Obje&s, as by their Minuteqefs efcape pur nakecf 
Eye, By it Men have purfued Nature into its molt 
retired Recedes ; fo that now it can hardly any, 
more hide its greateft My ftenes from us. "H^W^ 1 
much have we learned by the Help of the Micro- 
fcope of the Contrivance and Struftufe of animal a/i$l 
vegetable Bodies, and the Compofition of Fluids 
and Solids? But if thefe Sciences had never gone 
further, than by their {ingle Specula and Lwtes' to 
give thofe furpriflng Appearances of Obje&s, and 
their Images, and to produce Heat unimitable by 
our hotteft Furnaces, and to furnifh infallible, eafy, 
cheap, and fafe Remedies for the Decay of our 
Sight arifing commonly from old Age, and for 
Purblindnefs, they had merited the greateft Efteem J 
and invited to the clofeft Study : Efpecially, if we 
confider, that fuch as naturally are almoft blind, 
and' either know not their neareft Acquaintance at 
the Diftance of a Room's Breadth, or cannot read^ 
in order to pafs their Time pleafantly , are, by Glafiea 
adapted to the Defeft of their Eyes, fet on a Le- 
vel again with thofe that enjoy their Eye-fight beft, 
and that without Danger, Pain, or Charge. 

Again, Mathematics are highly ferviceable to a 
Nation in Military Affairs. I believe this will be 
readily acknowleged by every Body, The Affairs 
of War take in Number, Space, Force, Diftance, 
Time, &V. (Things of Mathematical Con&devmori) 
in all its Parts, in Tafiics, Caftrametaticn, Fortifying 
Attacking, and Defending. The Antiems had more 
Occafion for Mechanics in the Art of War than w.e 
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havfc ; Gunpowder readily producing a Foree far 
exceeding air the Engines, they had contriv'd for 
Battery. And this, I reckon, has loft us a good 
dccarton of improving our Mechanics ; the Cun-. 
nitigof Mankind never exerting itfelf fo much, as 
in their Arts of deftroying one another. But, as 
gunpowder has made Mechanics lefs ferviceable 
to War ; it has made Geometry more nceeffary : 
There being a Force or Rcfiftance in the due Mea- 
sures and Proportions of the Lines and Angles of 
a Fortification, which contribute much towards 
its Strength, This Art of Fortification has been 
much ftudy'dof late, but I dare not affirm, that 
it has attained its utmoft Perfection. And tho\ 
where the Ground is regular, it admits but of fmall 
Variety, the Meafures being pretty well determined 
foy Geometry and Experience, yet where the Ground 
is made up of natural Strengths and fPeakneJes, it 
affords Tome Scope for Thinking and Contrivance. 
Btrt there is another much harder Piece of Geometry % 
Which Gunpowder has given us Occafion to im- 
prove, and that is the Do&rine of Projectiles ? 
whereon the Art of Geometry is founded. Here the 
Geometers have invented a beautiful Theory, and 
Rules and Inftruments, which have reduced the 
Carting of Bombs to great Exa&nefs. As for 
Vaftics and Caftrametation y Mathematics retain the 
fame Place in them as ever. And fome tolerable 
Skill in thefe is neceffary for Officers, as well as for 
Engineers. An Officer^ that underftands Fortifica- 
tion, will, catcris paribus* much better defend hit 
Pod, as knowing, wherein its Strength confifts, or 
make ufe of his Advantage to his Enemy's Ruin, 
than he that does not He knows, when he leach 
never fo fmall a Party, what his Advantages and 
Difad vantages in Defending and Attacking are, how 
to make the bed of his Ground, &c. And hereby 
can do truly more Service than another of as much 
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Courage, who, for want of fuch Know lege,; \jt 
may be, throws away himfelf, and a Number of 
brave Fellows under his Command ; and it is well, 
if the Mifchicf reaches no further. As for a com- 
petent Skill in Numbers* it is fo neccffary to Officers^ 
that no Man can be fafely trufted with a Company, 
that has it not. All the Bufinefs is not to fire Muf>- 
quets ; the managing of A flairs, the dealing with 
Agents, &c. happen more frequently. And the 
higher the Command is, the more Skill in ail the 
aforefaid things is required. And I dare appeal to 
all the Nations in Europe, whether, cateris paribus* 
Officers are not advanced in Proportion to their 
Skill in Mathematical Learning ; except, that fome- 
times Great Names and Quality carry k ; but ftiH 
fo, as that the Prince depends upon a Man of Ma- 
thematical Learning, that is put as Dire&or to the 
Quality, when that Learning is wanting in ft. 

Laftly, Navigation, which is made up ofjftronomy 
and Geometry, is fo nob!e an Art, and to which 
Mankind owes fo many Advantages, that, uporv 
this tingle Account, thofe excellent Sciences deierve 
mod of alt to be ft tidied, and merit the greatelt 
Encouragement from a Nation, that owes to it both 
its Riches and Security. And not only does the 
common Art of Navigation depend on Matbema* 
tics, but whatever Improvements Xhall be made in 
the Arcbiteftura Navatis, or Building of Ships, whe- 
ther they are defigned for Merchant-Ships, or 
Ships of War, whether fwift running, or bearing 
a great Sail, or lying near the Wind, be de fired, thefe 
tmtft all be the Improvements of Geometry. Ship* 
Carpenters, indeed, are very induftrious; but ifi 
theie things they ack now lege their Inability, cort* 
ftfs that their bed Produ&ions aie the Effe&s.of 
Chance, and implore the Geometer's Help. Nor will 
common Geometry do the Bufinefs.* it requires tht - 
moftabftrufc to determine the different Sections of 

D 2 a Ship, 



t »» ] ' . 

a Ship, according as it is defigned for any of the 
aforefaid Ends. A French Mathematician P. h 
Hofte has lately endeavoured fomething in this 
way :' And tho it is not free from Errors, as re- 
quiring a fuller Knowlege in Geometry \ yet is the 
Author much to be commended for this, as having 
bravely defigned, and pav'd the Way for other Ma- 
thematicians -, and alfo for the former and bigget* 
Part of his Book, wherein he brings to a Syftem 
the Working of Ships, and the Naval Taffies, or 
the regular Difpofition of a Fleet in Attacking, 
Fighting, and Retreating, according to the differ* 
ent Circumftances of Wind, Tides, &c. 

The great Objection, that is made againft the 
Neceflity of Mathematics, in the fore-mentioned 
great Affairs of Navigation, the Art Military y &c, 
is, that we fee thofe Affairs are carried on and ma- 
naged by fuch, as are not great Mathematicians i 
as Seamen, Engineers, Surveyors, Gaugers, Clock- 
makers, Glafs-grinders, 6fa and that the Mathe- 
maticians are commonly fpeculative retired, ftu- 
dious Men, thar arePhot for an aftive Life and 
Bufinefs, but content themfelves to fit in their Stu- 
dies, and pore over a Scheme, or a Calculation. To 
which there is this plain and eafy Anfwer : The Ma- 
magicians have riot only invented knd ordered all 
the Arts above-mentioned, by which thofe grand 
Affairs are managed •, but have laid down Precepts, 
contrived Inftruments and Abridgments fo plainly, 
that common Artificers are capable of pradtifing 
by them, tho* they underftand not a Tittle of the 
Grounds, on which the Precepts are built. And 
in this they have confuked the Good and Necefli- 
ties of Mankind. Thofe Affairs demand fo great 
a Number of People to manage them, that it is 
impoffible to breed fo many good or even tolefabld 
Mathematicians. The only thing then to be done 
was to make their Precepts fo plain, that they might 
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be understood and pra&ifed by ^ Multitude if 
Men. • This will beft appear by Examples. Nq- 
thing is more ordinary than Difpatch of Bufinefe 
i>y common Arithmetic \ by the tables of fimpk arid 
compound Interefti Annuities V &c. Yet how few 
'Men of Bufincfsunderftand the Reafonsof common 
Arithmetic, of the Contrivance of thofe Tables, 
now they are made*, but fecurely' rely on them aft 
true. They were the good and the thorough 
Mathematicians, that made thofe Precepts fo plain, 
and calculated thofe Tables, that facilitate the 
Praftice fo much. Nothing is more univerfally 
neceflary, than the meafuririg of Plains and Solids : 
And it is impoffible to breed fo many good Ma* 
thematicians, as that there may be one, that un- 
derftands all the Geometry requifite for Surveying, 
and Measuring of Prifms and Pyramids, and their 
Parts, and meafuring Fruftums of Conoids and Spbe* 
voids, in every Market-Town, where fuch Work 
is neceflary : The Mathematicians have therefore 
inferib'd fuch Lines on their common Rulers* 
and Slipping Rulers, and adapted fo plain Pre- 
cepts to them, that every Country- Carpenter^ and 
Gauger, can do the Bufinefs accurately enough i 
though he knows no more of thofe Inftrumentst, 
TFables, and Precepts he makes ufe of, than a 
Hobby-horfe. So in Navigation^ it is impoffible 
to breed fo many good Mathematicians, as would 
be neceflary to fail the hundredth Part of the Ships 
of the Nation. But the Mathematicians have 
laid down fo plain and diftinft Precepts, calcu- 
lated neceflary Tables, and contrived convenient 
lnftruments, fo that a Sea-man, that knows not 
the Truths, on which his Precepts and Tables de- 
pend, may pradtife fafely by them. They refohe 
Triahgles every Day, that know not the Reafon 
of ajiy 4nc of their Operations. Seamen Jn their 
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Calculations make nfe of artificial N*nd>ers $ or 
garttbmsj that know nothing of their Contrivance : 
And indeed all thofe great Inventions of the moft 
famous Mathematicians had been aknoft ufelcfe 
Sot thofe common and great Affairs, had not the 
Pradice of them been inade eafy to thofe wha 
cannot underfand theou From hence it is plain, 
that it is to thofc Speculative Retir'd M#i y we owe 
the Rules, the Iaftrumeots, the Precept* for ufmg 
them, and the Tables which facilitate the Dif- 
patch of fo many great Affairs, and Aipply Man- 
kind with fo many Conveniences of Life. They 
were the Men, that taught the World to apply 
Arithmetics Aftronomy* and Geometry, to Sailing* 
without which the Needle would be (till ufelefs. 
Juft the fame way in the other Parts of Mathema- 
tics, the Precepts that are pradifed by Multitudes, 
without being under ftood, were contriv'd by fome 
few great Mathematicians. 

Since then it has been (hewn, how much Ma- 
thematics improve the Mind* how fubfervient 
they are to other Arts, apd how immediately 
ufeful to the Commonwealth, there needs no 
other Arguments or Motives to a Government, to 
encourage them. This is the natural Conclusion 
from, thefc Prcraifes. Plato > in his Republic, (lik. 
VIIv) takes care* That* whoever is to he educated 
for Magijtracy, or any tonftderabk Pofi in the Qom* 
mottwealthy may be injtrufled firfi in Arithmetic* 
then in Geometry v and thirdly tit AJtronomy. And 
however neceflary thofe Arts were in Plato's time* 
they are much more fo now: The Arts of War 
and Trade requiring much more the Affiftance of 
thofe Sciences now, than they did then ; as being 
brought to a greater Height and Perfc&ion. And 
accordingly we fee, thefe Sciences are the parti** 
cuiar Care of Princes, that defign (9 faife the 
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Force and Power of their Countries. It is well 
known, that this is none of the leaft Arts, where- 
by the French King has brought his Subje<5b to 
make that Figure at, Sea, which they at this 
Time do ; I mean, the Care He takes for Educa* 
tsng thofe appointed for Sea-fervice in Mathema- 
tical Learning For in the Ordonnance Marine* 
Title VIII. < He orders, that there be Profcflbrs 

* to teach Navigation publickly in all the Sea-port 

* Towns, who muft know Dejtgmng, and teach it 

* to their Scholars, in order to lay down the Ap- 

* pearanccs of Coafts, £$c. They are to keep 
•their School? open, and read four times a Weelc 

* to the Seamen, where they muft have Charts, 

* Globes, Spheres, Compaflcs, Quadrants, Aftrd- 

* labes, and all Books and Inftruments necefiary 

* to teach their Art; The Direftors of HofpitaU 

* are obliged to fend thither yearly two or three 

* of their Boys to be taught, and to furnifh them 
c with Books and Inftruments, Thofe Profeflbrs 

* are oblig'd to examine the Journals depofited 
c in the Office of Admiralty, in the Place of their 
« Eftablifhment ; to correft the Errors in Prefence 
c of the Seamen, and to reftore them within * 

* Month, f &c. King Charles the Second, who well 
underftood the Importance of Eftablifliments of 
this Nature, founded one fuch School in Cbrift's 
Hofpital, London j which, I believe, is inferior to 
none of the French: Bat 'tis to be wiftied there' 
were many more fuch. His prefent Majejty, during 
the Time of the late War, eftabltfhed a Matbemati* 
cal Leflure to breed up Engineers and Officers, as 
knowing very well the Importance thereof. And 
this continued fome time after tbePeaee. And it 
is worthy the Confideration of the Wifdom of the f 
Nation, whether the reftoring and continuing this, 
even in Peace, be not expedient for the breeding 
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of Engineers, who are fo ufeful and valuable, and- 
(p difficult to be had in Time of War, and fo 
fyttle dangeous in Times of Peace* 

Befides the Crowd of Merchants, Seamen, Sur+ 
veyors, Engineers, Ship-carpenters, Artifans, &c« 
that are to be inftrufted in the Pra&ice of fuch 
Parts of Mathematics, as are neceflary to their 
own Bufinefs refpectively, a competent Number of 
able Mathematicians ought to be entertained, in, 
order to apply themfelves to the Pradtice ; not 
% only to inftruft the former Sort, but likewife to 
remove thofe Obftacles, which fuch* as do not 
think beyond their common Rules, cannot over* 
come. And no doubt it is no fmall Impediment 
to the Advancement of Arts, that Speculative Men, 
and good Mathematicians, are unacquainted with 
their particular Defedts, and the feveral Circum^ 
ftances in them, that render things practicable or 
impracticable. But if there were public Encou- 
ragement^ we fhould have skilful Mathematicians 
employed in thofe Arts, who would certainly 
find out and remedy the Imperfe&ions of them. 
The prefent Lords CQmmiflioners of the Admi- 
ralty, knowing that there are ftill two great De- 
Jiderata in Navigation, to wit, The Theory of the 
Variation of the magnetical Needle, and a Method of 
finding out the Longitude of any Place, that may be 
pra&icable at Sea by Seamen, and being fenflble* 
of what Importance it would be to find out 
either of them, have employed a very fit Perfon, 
the ingenious Mr* Halley^ who has joined an in- 
lire Acquaintance in the Pra&ice, to a full and 
thorough Knowlege of the more abftrufe Parts 
of Mathematics. And now that he is returned, 
it is not doubted,, but he will fatisfy thofe that 
fent him, and, in due time, the World too, with 
his Difcoveries in both thofe Particulars, and in 
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many other that he has had Occafioa to make. 
And where a long Series of Obfcrvations and Ex- 
periments is neceffary, he has, no doubt, laid fudi 
a Foundation, as that After-Obfervers may gra- 
dually perfeft them. If it were not for more 
than the Correfting the Situation of the Coafts 
where he touched, and by them others, whole 
Relation to the former is known, the Nation is 
more than triply paid : And thofe who fent 
him, have, by this Million, fecured to themfelves 
more true Honour, and lading Fame, than by 
A&ions, that, at firft View, appear more magni- 
ficent. 

The next thing that is neceffary for the Im- 
provement of Mathematical Learnings is, That 
Mathematics be more generally ftudied at our 
Univerfities than hitherto they have been. From 
thofe Seminaries the State juftly expedts and de- 
mands Thofe who are acquainted both with the 
Speculation and Practice. In thofe are all the En- 
couragements to them imaginable, Leifure and 
Affiftancc. There are ft ill at hand Books and In- 
ftruments ; as alfo other Scholars that have made 
equal Progrefs, and may be Comrades in Study; 
and the Direction of the Profeffors. There are 
alfo in Perfection all the Incitements to this Study; 
and efpecially an Acquaintance with the Works of 
the Antients, where this Learning is fo much re- 
commended. There other Faculties are ftudied, 
to which it is fubfervient. There alfo are the 
Nobility and Gentry bred; who, in due time, 
muft be called to their Share in the Government 
of the Fleets, Army, Treafury, and other pubic 
Employments, where Mathematical Learning is ab- 
folutely neceffary, and, without which, they, tho* 
pf never fo great natural Parts, muft be at the 
Mercy and Difcretion of their Servants and De~ 
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puties ; Who will firft cheat them, ami th*rt laugh 
at them. And not only public Employments, 
but their private Concerns, demand Mathema- 
tical Knowlege. If their Fortunes lit ift Woodsy 
Goal, Silt, Manufadtures* #r. the Neteflity of 
this Knowlege is open and kncWft : And, even in 
Land^Eftates, no Undertaking for Improvement 
can be fccurely relied upon without it. It not 
only makes a Man of Quality and Eftate hi* 
whole Life more illuftrious, and inore ufeful for 
all Affairs, (as Hippocrates fays* 'is^ta H ^mt^^, 

Z *&i UviiflfikXc, *>*.) * Kft&yA&tfr i yip (JioPoP &il *) rif 
f«3ri7«At^«, rfAAi $ fn9 -^vyM Sfiflipifr T« ltd) T*A«Z/j2- 

r4pwr, (zc.) but In particular, it is the beft Com- 
panion for a Country Life. Were this once be- 
. eome a fafliionable Study, (and the Mode exercife* 
its Empire over Learning as well as dther things) 
it is hafd to tell, how for it might influence the 
Morals of our Nobility and Gentry, in renderinj 
them ferious, diligent, curious •, taking them ol 
from the more fruitless and airy Exercifes of the 
Fancy, which they are apt to run into. 

The only Obje&ion I tart think of, that is 
brought againft thefe Studies, is f That Mathema- 
tics require a particular Turn of Head, and a 
happy Genius, that few People are Matters of; 
without which all the Pains beftfcjwed upon the 
Study of them are jn vain : They itpagint, that a 
M&n muji be born a'Mathematiclan: I aftfwer, That 
this Exception is common to Mathematics and 
other Am- That therfc are Ptrfttori that have a 
particular Capacity and Fitnefs to one more thart 
another, every body owns: And^ from Experiences 
I dare fay, it is riot in any higher Degree trut 
concerning Mathematics;' than the ttthert. A MiA 
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is by Nature fitted for them ; efpecially if he be- 
gins betimes : Afld, if his Circumftances have been 
ftich, that this did not happen, by prudent Di- 
rection the Defeft may be fupplied, as much as in 
any &n whatfqever* The only Advantage this 
Objection has, is, That it is on the Side of Soft- 
nefs and Idlenef§, thofe powerful Allies ! 

There i$ nothing further remains, Sir, but that 
J give you qoy Thoughts ip general concerning 
the Order and Method of ftudying Mathematics ; 
which I (hall do very briefly, as knowing that you 
are already acquainted with the beft Methods; and 
Others w&i you may have them eafily from the 
beft and abjeft Hands. 

Firft, thpn, I Jay <tfown for a Principle, That no- 
body at an Unjverfity is to be taught the Practice 
of any Rule whfaput the true andfolid Reafon and 
Dempnftratipn oif the fanpe. Rules without De- 
monftration inuft and aught to be taught to Sea* 
men y Artifans % 8pc. as I have already faid j and; 
Schools for fintfi Pepple are fit in Sea*ports and 
Trading-Towns -, but it is far below the Dignity 
of an Umverjity, which is defign'd for folid and 
true Learning, IP dp this. It is from the Uni- « 
yerfities that they muft come, who are able tq 
remedy the Deft^te ;Qf the Arts- and therefore? 
nothing rauft be tafccsi on Traft there. Seamen 
and Surveying &£. remember their Rules, becaufe 
they are perpetMaiLy pradtifing them ; but Scholars, 
wjfcio ,are not tJm$ f mployM, if they know not ihi 
Demonftration *>f tbexn, prefently forget them. 

Secondly, No Part of Mathematics ought to 
be taught by Cowptndivms. This follows from, the 
former. Compendiums are fit to give a general and 
fuperficiai Knowl^ge, -not a thorough one. It is 
Timet and* not tfr# Bulk of Books, we ought to 
be fpari^g of: And I appeal to any Perfon of 
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Experience, whether folid Knowlege is not ac- 
quir'd in fhorter time by Books treating fully of 
their Subjeds, than by Compendiums and Abridg- 
ments. 

From hence it follows, that the Elements of 
Arithmetic and Geometry are to be taught. Euclid* 
in his Thirteen Books of Elements, gives us both : 
but our prefent Way of Notation fuperfedes fome 
of thofe of Arithmetic* as demonftrating the Rules 
from the Operations themfelves. There remain 
then the firft Six Books for the Geometry of Planes* 
and the la.fl Three for Stereometry. The reft ought 
to be read in their own Place, for the Perfection 
of Arithmetic. In teaching thefe* Care ought to 
be taken to make ufe of fuch Examples, as fuit 
with the Condition of the Scholar : For Inftance, 
Merchants Accompts and Affairs for Examples of the 
Operations of Arithmetic* to one that is afterwards 
to have a Concern that way ; whereas, to a Man 
of the firft Quality, Examples from the Increafe 
and Decreafe of the People* or from Land or Sea 
Force* and from the Topics* ought to be propofed. 
Eor, it is certain, nothing makes one tir'd fooner, 
. than the frivolous and trifling Examples, that are 
commonly brought for the Exercife of the Rules 
of Arithmetic and Geometry * tho' this is common to 
them with the other Arts, as Grammar* Logic* &c. 

The Manner of Writing of the Mathematicians of 
This and the former Age makes Trigonometry, with 
the Manner of Conftrudting its Tables, 6f c. almoft 
Elementary : And the Practical Geometry , commonly 
fo call'd, is very fit to come next, as an elegant 
Application of the Elements of Geometry to Bufinefs, 
as Surveying* Gauging* &c. 

After the Elements of Spherics* which are per- 
fectly well-handled by Tbeodoftus* a full Infigbt into 
the Principles of AJlronomy will be neceflary. 
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Mechanics come next to be read, which are the 
Ground of a great Pare of natural Learning ; and, 
afterwards, Optics , Catoptrics j and Dioptrics. 

But none of thefe, except the Elements, can be 
fully underftood, until one is pretty well skilFd in 
Conic Sections: And all thefe are made more eafy 
by fome tolerable Skill in Algebra* and its Appli- 
cation to Geometry. 

Thefe Foundations being laid, any one may, 
with great Eafe, purfue the Study of the Mathe- 
matics, as his Occafions require ; either in its 
abftraft Parts, 2nd the more recondite Geometry^ 
and its Application to Natural Knowlege ; or in 
Mechanics ; by profecuting the Statics^ Hydrojla- 
tics, Ballijtics* &c. : Or in AJlronomy 9 by its Ap- 
plication to Geography, Navigation, Gnomonics, AJtro- 
labes, &c. But, in moft of thefe, a particular 
Order is not neceflary : Any one may take That 
firft, which he is moft inclined to. 

I (hall not offer you any Advice concerning the 
Choice of Books ; but refer you (if you wane any) 
to the Diredtion of thofe who are eminent among 
you in this Part of Learning. I ask your Pardon 
for the Omiflion of Ceremony in thefe Papers ; hav- 
ing followed rather the ordinary Way of EJ/ay, than 
Letter. And, wifhingj you good Succefs in your 
Studies, I am, 
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